A new class of constitutively active super-enhancers is associated with fast 2 recovery of 3D chromatin loops 3 4 A genome browser session has been set up for visualization of the super-enhancer domains 25 described in the current study -26 https://genome.ucsc.edu/cgi-27 bin/hgTracks?hgS_doOtherUser=submit&hgS_otherUserName=abundantiavosliberabit&hgS 28 _otherUserSessionName=SuperEnhancerDomain 29 30 Abstract: 31 Super-enhancers or stretch enhancers are clusters of active enhancers that often coordinate 32 cell-type specific gene regulation. However, little is known about the function of super-33 enhancers beyond gene regulation. In this study, through a comprehensive analysis of super-34 enhancers in 30 human cell/tissue types, we identified a new class of super-enhancers which 35 are constitutively active across most cell/tissue types. These 'common' super-enhancers are 36 associated with universally highly expressed genes in contrast to the canonical definition of 37 super-enhancers that assert cell-type specific gene regulation. In addition, the genome 38 sequence of these super-enhancers is highly conserved by evolution and among humans, 39 advocating their universal function in genome regulation. Integrative analysis of 3D 40 chromatin loops demonstrates that, in comparison to the cell-type specific super-enhancers, 41 the cell-type common super-enhancers present a striking association with rapidly recovering 42 loops. We propose that a new class of super-enhancers may play an important role in the 43 early establishment of 3D chromatin structure.
distinct modes of action exist for super-enhancers. We investigated the expression patterns of 135 putative target genes in each class of super-enhancer domains. As expected, putative target 136 genes of unique super-enhancer domains were highly expressed in the corresponding 137 cell/tissue type (Figure 2a and b, see Methods). In contrast, genes associated with common 138 super-enhancer domains showed universally high expression (Figure 2a and b) . Although 139 there was a significant enrichment of housekeeping genes [8] in putative target genes of 140 common super-enhancer domains, the majority (82.4%) were non-housekeeping genes, 141 indicating that housekeeping genes cannot fully explain the function of common super-142 enhancer domains. Gene set enrichment analysis of genes associated with unique super-143 enhancer domains showed enrichment in cellular identity functions in the corresponding 144 cell/tissue type (Table 1, Supplementary Table 1 , 2). Our analysis revealed distinct biological functional 151 enrichment in putative target genes between common and unique super-enhancer domains.
153
Genomic properties of common super-enhancer domains 154 To reason that super-enhancers play a key role in gene regulation, one would expect to see a 155 strong correlation between the activity of a super-enhancer domain and the expression of its . However, we did not observe a strong 171 conservation score in the unique super-enhancer domains compared to random expectation.
172
Similarly, genomic areas of common super-enhancer domains also tend to have a low 173 context-dependent tolerance score (CDTS) [9] , which represents the frequency of sequence We expanded the analysis to include later time points (see Methods), and revealed that an To conclude, we propose two distinct modes of super-enhancers; one is cell-type specific 242 gene regulation mainly mediated by unique super-enhancer domains and second is 3D 243 genome regulation mediated by common super-enhancer domains as a non-canonical 244 function ( Figure 4d ). Although there is a limitation to generalize our conclusion since we 245 investigated only one cell type, we shed light on common super-enhancers as a new potential 246 mechanism underlying the early establishment of 3D chromatin loops. H3K27ac and input ChIP-seq reads were downloaded from Roadmap Epigenomics,
258
ENCODE project and GEO [10, 11] . Sources are specified in Supplementary Table 3 . Reads 259 were aligned to the human reference genome (hg19 assembly) using BWA-mem [12] .
260
Unmapped and poorly mapped (MAPQ < 10) reads were removed. PCR duplicates were also 261 removed using Picard Markduplicates [13] . The remaining reads were then used to call peaks 262 using MACS2 [14] . Default parameters were used except q-value 0.01 was replaced with the 263 p-value less than 1E-05. Super-enhancers were defined by stitching peaks using ROSE [2, 5] 264 with default parameters, except TSS exclusion zone size was adjusted to 2,500bp. TSS 265 exclusion was used because the H3K27ac signal is enriched for both active enhancers and 266 promoters. Super-enhancers that span ENCODE blacklist regions were discarded. 318 Evolutionary sequence conservation score calculated from multiple alignments of 100 319 vertebrates using phastCons method was obtained from the UCSC annotation database 320 (phastCons100way). SumData column of 24bp resolution conservation score was mapped 321 onto super-enhancer domains, and the mean value of mapped conservation score was used.
Conservation and tolerance scores of super-enhancer domains

322
CDTS referring to the variability of a nucleotide calculated for 11,257 human genomes was 323 obtained from previous study [9] . CDTS of the 1bp resolution, was mapped onto super-324 enhancer domains and the mean of mapped CDTS was used. 
